INTRODUCTION {#sec1-1}
============

Esthetic restorations are high on demand in the present market due to its effective restoration of the very own tooth color. Also to prevent the side effects of amalgams, many other newer restorative materials are being used. Among them are nano composites and reinforced glass ionomer Cements. Any of these restorative materials may develop gap formation along the line of restoration and can cause microleakage due to varied stress factors. These gaps can inhabit microorganisms to colonize, thereby promoting secondary caries formation.\[[@ref1]\] Secondary caries is termed as one of the major factors in failure of dental restorations.\[[@ref2]\] Hence, study on inhibitory functions of the material against bacterial growth and its bonding capability are of paramount importance to be considered as the best restorative materials in preventing secondary caries formation.\[[@ref3]\] In attempting to study these effects, various researchers have used different material to decrease the caries formation after restorations.\[[@ref4]\] Various *in vitro* studies have shown that GIC had potential antimicrobial activity\[[@ref5][@ref6][@ref7][@ref8]\] and also reduced formation of plaque by *Streptococcus mutans* strains.\[[@ref9][@ref1]\] The conventional restorative material silver amalgam has the highest inhibitory effect against bacterial growth. However, it is been only recommended for temporary fillings due to potential side effects.\[[@ref10]\] Another most commonly used restorative group is composites, less known for its antibacterial properties.\[[@ref11]\] A highly esthetic nanohybrid filling composite restorative material containing ytterbium trifluoride are recommended for its unique radiopaque properties. Its unique components (F, Ca) are known to favor remineralization and prevent demineralization.\[[@ref12]\] It is been assumed that the ions released by these materials can inhibit the bacterial growth thus preventing the secondary caries formation. The study thus aims (i) to evaluate the antibacterial effect of impress direct composite, GIC type 9 and silver amalgam against *S. mutans* by performing modified bacterial suspension within material assay and liquid culture growth assay and (ii) to determine the growth inhibitory activity of these dental restorative materials.

MATERIALS AND METHODS {#sec1-2}
=====================

Bacterial strain culture {#sec2-1}
------------------------

*S. mutans* (MTCC) strain was used throughout the study. The bacterial strain were initially cultured on Mutan-Sanguis agar and incubated at 37°C in a 5% CO~2~ incubator. Todd Hewitt Broth were used for liquid cultures supplemented with 0.5% yeast extract (THY) for further studies. The concentration of bacterial suspensions was determined using spectrophotometer, by measuring its absorbance at 600 nm based on its colony-forming units (CFUs)/ml at various optical densities.

Dental restorative materials {#sec2-2}
----------------------------

The restorative materials used in the study were obtained commercially. Total of three materials were used, a nano hybrid composite (IPS Empress Direct, Vivadent), (GIC, gold Label Type 9, GC), and silver amalgam (Dentsply). The characteristics of these restorative materials are given in [Table 1](#T1){ref-type="table"}.

###### 

Characteristics of the investigated restorative materials
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Determination of viable counts of *Streptococcus mutans* using bacterial suspension within material assay {#sec2-3}
---------------------------------------------------------------------------------------------------------

### Material cavity preparation {#sec3-1}

The unmolded restorative materials were transferred into sterile 0.5 ml Eppendorf tubes. A 13 mm narrow conical cavity is prepared in the center of the material by impressing the tip of the Eppendorf tube. The impression of the cavity is performed before its setting time and it holds 20 μl of the bacterial suspension. When using impress direct, two cavifils (0.5 g) of the material were transferred to the Eppendorf tubes and impressed using the tip of the tube. The composites were then light-cured (Heliolux DLX, Vivadent) for 40 s and maintained in a sterile condition. For GIC Type 9, the cement was manipulated with agate spatula on a paper pad and impressed using Eppendorf tube. The silver amalgam was triturated using an amalgamator\[[@ref13]\] and filled into the Eppendorf tubes, impressed and allowed to set. All the materials were prepared in a sterile condition to prevent contamination.

### Culture within cavity {#sec3-2}

The subculture of *S. mutans* that has reached 16 h were diluted with THY liquid medium (50 fold) and continued to incubate in the standard culture conditions. The absorbance of the liquid culture is determined frequently at A600 nm and when the growth has reached the log phase that corresponds to 2 × 10^7^ CFUs/ml, the incubation process is terminated. The bacterial suspensions were centrifuged at 2000 g for 5 min and sediments were dissolved in a mixture of artificial saliva and 0.9% NaCl suspension at equal volumes. The above prepared bacterial suspensions were pipetted to the conical test cavity. Bacterial suspensions in Eppendorf tubes without restorative material served as growth control. The tubes were then incubated at 37°C in a humid chamber for 0, 3, 6, 9, 12, 24, and 48 h, each in separate cavity tubes. Post to the incubation period, the bacterial suspensions were removed from the test cavities and serially diluted with sterile NaCl. At *t* = 0 h, suspensions were immediately taken out of the test cavities without incubation. Aliquots from the diluted suspensions were plated on to the Mutans-sanguis agar solid media. The plates were incubated for 24 h and the number of colonies formed was counted. From the obtained result, the numbers of CFUs per milliliter were calculated (CFUI). After the initial removal of suspension, the test material cavities were filled with 20 μl of 0.9% NaCl and vortexed for 30 s to obtain those bacteria that had been attached to the walls of the cavities. As mentioned above, the suspensions were serially diluted, plated on to the solid media and CFUII was determined. The total numbers of CFUs per milliliter (CFUI + CFUII) were calculated. The experiments for each time interval were performed in triplicates.

Determination of effects of restorative materials on liquid growth cultures {#sec2-4}
---------------------------------------------------------------------------

The liquid growth culture inhibition assays were performed according to Friedl *et al*. method.\[[@ref11]\] The restorative materials were transformed into disks of 7 mm in diameter with 1 mm thickness. The discs were immersed in 20 ml 0.9% NaCl solution for 48 h at 37°C. 10 ml of these eluate solutions were inoculated with precultured *S. mutans* strain in 20 ml THY liquid medium containing 10^6^ CFUs/ml. The liquid culture growth were incubated at 37°C and the growth pattern were observed from lag phase to stationary phase by measuring A600 for every 45 min. Liquid culture with 0.9% NaCl without material eluates served as control. Culture with eluates solution and without bacterial inoculation served as negative control. Each experiment was carried out in a series of triplicates.

Statistical analysis {#sec2-5}
--------------------

Statistical analysis were performed using statistic Software SPSS 16.0 (SPSS Ltd, Westlands Centre, Quarry Bay, Hong Kong) Descriptive analysis was performed and the values measured were denoted as median values. Nonparametric tests were conducted and for each test material Kruskal--Wallis test was followed to determine the significant differences between the control and restorative materials for given incubation periods. After confirming the level of significance (*P* \< 0.05), Mann--Whitney\'s test was performed to study pair-wise comparison between the groups.

RESULTS {#sec1-3}
=======

The number of colonies formed after incubating the bacterial culture in artificial saliva and saline solution had shown an initial increase up to 3 h and drastically decreased in later experimental periods. The total number of CFUs in silver amalgam and GIC showed complete inhibition after 24 h and impress direct composite showed no growth at 48 h. The effect of dental material on *S. mutans* has studied by bacterial suspension within material assay up to 48 h are represented in Figure [1](#F1){ref-type="fig"}. The control group maintained steady growth throughout the experimental period. The effect of restorative materials on *S. mutans* was analyzed statistically at each experimental period using Kruskal--Wallis test. At all the different test intervals, a significant decrease in CFUs was observed in cavities that included restorative material in comparison to the control group. The inhibitory effect of silver amalgam was the highest followed by GIC and composite with a significant difference of *P* \< 0.05.

![Log (median colony-forming units/ml) showing the effect of dental material on *Streptococcus mutans* as studied by bacterial suspension within material assay up to 48 h](JCD-21-42-g002){#F1}

In the second assay, bacterial growth in the control cultures showed the log phase at 1.5 h and continued up to about 6 h. The results are depicted in Figure [2](#F2){ref-type="fig"}. The inhibitory effects of eluates of dental restorative materials showed statistically significant difference in comparison to the control group. Silver amalgam had pronounced-inhibitory effects followed by GIC and composite.

![Medians of A600 at different time interval up to 6 h showing the effect of dental materials on the growth of *Streptococcus mutans* as studied by liquid culture assay](JCD-21-42-g003){#F2}

DISCUSSION {#sec1-4}
==========

Different *in vitro* methods have been used in the past to study antimicrobial activity and in this study novel assay\[[@ref5][@ref14]\] has been used to analyze viable bacterial counts after incubation of a small amount of bacterial suspension within the materials (BSWM model). The limited volume of bacterial suspension surrounded by restorative material was retained and it was formulated in a manner to restrict dilution of components released from the materials. The results attained by the BSWM assay were reconfirmed by determination of growth inhibition in liquid cultures. The advantageous factor of this assay is that bacterial growth can be observed continuously by measuring absorption at 600 nm throughout at the study intervals. In comparison to both the studies BSWM assay is highly recommended for prolonged studies, because the dental materials are in continuous contact with the culture which enables better clinical setup and provides accuracy than any other assays.

*S. mutans* bacterial strain was used for the whole experiment based on its etiology in the caries development.\[[@ref15]\] In this study, the silver amalgam showed the best antibacterial potential. In bacterial suspension within material assay, all the three materials yielded significant reductions in CFUs at all the time intervals compared with the growth control. The inhibitory effect of silver amalgam was highly pronounced than that of the GIC and composite. Whereas composite impress direct showed less inhibition comparable to that of the GICs. The strongest inhibition by silver amalgam is due to the presence of silver particles that has antibacterial properties.\[[@ref16]\] The growth inhibition of bacterial culture by of GIC is due to the presence of fluoride\[[@ref14][@ref17]\] a strontium-based fluoride that releases for internal remineralization within tooth structure as well as to increase surface strength over time. Very few studies have shown a correlation between antibacterial properties of GICs containing flouride.\[[@ref7][@ref18][@ref19]\] In addition, GIC has low pH,\[[@ref20]\] that creates an unfavorable environment for the growth of bacteria.

The composites containing fluoride exhibit antibacterial properties\[[@ref21]\] and also prevent demineralization of enamel thus forming a protective mechanism against caries.\[[@ref22]\] The composite used in the study IPS empress direct contains fluoride in the form of ytterbium-trifluoride which increases the radiopacity of the material. However, fluoride release from these composites is comparatively low compared to that of GICs.\[[@ref23][@ref24]\] This could be one of the reasons for composites to have less inhibitory effects in both assays used in this study. Due to favorable pH and ions released, it may contribute to the reduction of bacterial counts. In this study, a statistically significant reduction in CFUs confirms the growth-inhibitory effects of the materials. The results clearly denote that all the restorative materials showed the bacterial growth inhibition in both the assays. Although controversies arise on the usage of silver amalgam, the traditional material had the pronounced inhibition than other materials. The presence of silver particles has promoted the best antibacterial properties for the material. Alternatively, even if it inhibits the bacterial growth, it creates marginal gaps within the vicinity of the teeth which results in colonizations.\[[@ref25]\] Whereas GIC and composite do not create gaps in restoration to the most extent, and also it has clinically significant secondary caries prevention action. Hence, these materials are safe to use in restorations with minimal side effects comparable to that of silver amalgam.

CONCLUSION {#sec1-5}
==========

This study has investigated the potential action of material against the most common caries forming bacteria *S. mutans*. Hence, further studies need to be conducted using other microorganisms to prove antibacterial properties against the oral microflora. The studies can promote and develop best restorative materials with antibacterial properties. Later to all these experiments, clinical trials need to be performed *in vivo* to check for the efficacy of dental restorations.
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